The paper is devoted to the experimental determination of the space-time characteristics for the target multifragmentation in p(8.1GeV) + Au collisions. The experimental data on the fragment charge distribution and kinetic energy spectra are analyzed within the framework of the statistical multifragmentation model. It is found that the partition of hot nuclei is specified after expansion of the target spectator to a volume equal to V t = (2.9 ± 0.2) V o , with V o as the volume at normal density.
THERMAL MULTIFRAGMENTATION AND NUCLEAR FOG
The study of the decay of very excited nuclei is one of the most challenging topics of nuclear physics giving access to the nuclear equation of state for the temperatures below T cthe critical temperature for the liquid-gas phase transition. The main decay mode of very excited nuclei is a copious emission of intermediate mass fragments (IMF) , which are heavier than α-particles but lighter than fission fragments. The great activity in this field has been * Email address: karna@nusun.jinr.ru 1 stimulated by the expectation that this process is related to a phase transition in nuclear media.
An effective way to produce hot nuclei is reactions induced by heavy ions with energies up to hundreds of MeV per nucleon. Around a dozen sophisticated experimental devices were created to study nuclear multifragmentation with heavy ion beams. But in this case the heating of the nuclei is accompanied by compression, strong rotation, and shape distortion, which may essentially influence the decay properties of hot nuclei. Investigation of dynamic effects caused by excitation of collective degrees of freedom is interesting in itself, but there is still the problem of disentangling all these effects to extract information on the thermodynamic properties of the hot nuclear system.
One gains simplicity, and the picture becomes clearer, when light relativistic projectiles (first of all protons, antiprotons, pions) are used. In this case, in contrast to heavy ion collisions, fragments are emitted by only one source -the slowly moving target spectator.
Furthermore, its excitation energy is almost entirely thermal. Light relativistic projectiles provide therefore a unique possibility for investigating thermal multifragmentation, which was realized in the projects ISiS (Bloomington, Indiana), MULTI (Kyoto, Tokyo, Tsukuba) and FASA (Dubna). The decay properties of hot nuclei are well described by statistical models of multifragmentation [1, 2] and this can be considered as an indication that the system is thermally equilibrated or, at least, close to that. For the case of peripheral heavy ion collisions the partition of the excited system is also governed by heating.
In several papers, multifragmentation of hot nuclei is considered as spinodal decomposition. The appearance of the unstable spinodal region in the phase diagram of nucleonic system, as like as for the classical one, is a consequence of similarity between nucleon-nucleon and Van der Waals interactions [3] [4] [5] . The equations of state are very similar for these systems, which are very different in respect to the size and energy scales.
One can imagine that a hot nucleus (at T = 5-7 MeV) expands due to thermal pressure and enters the unstable region. Due to density fluctuations, a homogeneous system is converted into a mixed phase consisting of droplets (IMF) and nuclear gas (nucleons and light clusters with Z≤2) interspersed between the fragments. Thus the final state of this transition is a nuclear fog [3] , which explodes due to Coulomb repulsion and is detected as multifragmentation. Therefore, it is more appropriate to associate the spinodal decomposition 2 with the liquid-fog phase transition in a nuclear system rather than with the liquid-gas transition, as stated in several papers (see for example [6] [7] [8] ).
The phase transition scenario is evidenced by number of observations, some of them are the following: a) density of the system at the break-up is much lower compared to the normal one; b) mean life-time of the fragmenting system is very small (≈ 50 fm/c), which is in the order of the time scale of density fluctuation (see for example [9] ); c) break-up temperature is lower than T c , the critical temperature for the liquid-gas phase transition [10] .
The first point from this list requires a more detailed experimental study. There are a number of papers with estimations of the characteristic volume (or mean density) by analysis of different observables in multifragmentation. The values obtained deviate significantly. For example, the mean freeze-out density of about ρ o /7 was found in Ref. [11] from the average relative velocity of IMFs at large correlation angles for 4 He + Au collisions at 1.0 and 3.6
GeV/nucleon using the statistical model MMMC [2] . In paper [12] the nuclear caloric curves was considered within an expanding Fermi gas model to extract average nuclear densities for different fragmenting systems. It was found to be ~0.4 ρ o for medium and heavy masses. In 
VOLUME FROM IMF CHARGE DISTRIBUTIONS
The shape of the IMF charge distribution depends on the size of the system at the moment of partition, as demonstrated in our paper [10] for fragmentation in p(8.1GeV)+Au collisions.
The reaction mechanism for light relativistic projectiles is usually divided into two stages.
The first one is a fast energy-depositing stage during which very energetic light particles are emitted and the target spectator is excited. We use the intranuclear cascade model (INC) from
Ref. [14] for describing the first stage. The second stage is considered within the framework of the statistical model of multifragmentation (SMM), which describes multibody decay (volume emission) of a hot and expanded nucleus. But such a two-stage approximation fails to predict the measured fragment multiplicity. To overcome this difficulty, an expansion stage is inserted (in spirit of EES model [15] ). The residual (after INC) masses and their excitation energies are tuned (on event-by-event basis) to obtain agreement with the measured mean IMF multiplicity (see [16] for details). We call this combined model the INC+ Exp.+SMM approach. The least-square method has been used for quantitative comparison of the data and the calculations. Figure 2 shows the normalized χ 2 as a function of V/V o . From the minimum position and from the shape of the curve in its vicinity it is concluded that the best fit is obtained with the volume parameter V t = (2.9 ± 0.2) V o . The error bar (2σ) is statistical one in origin. It is explained later why the subscript "t" is used.
SIZE OF EMITTING SOURCE
Generally, fragment kinetic energy is determined by four terms: thermal motion, Coulomb repulsion, rotation, and collective expansion, E=E th + E C + E rot + E flow . The Coulomb term is about three times larger than the thermal one [9] . The contributions of the rotational and flow energies are negligible for p+Au collisions [16] . Therefore the energy spectrum shape is The least-square method is used to find the value of V f corresponding to the best description of the data. Being conceptually similar to the approach of Ref. [17, 18] , the statistical model of multifragmentation (SMM) uses the size parameters, which can be determined by fitting to data. The size parameter obtained from the IMF charge distribution can hardly be called a freeze-out volume. In the spirit of the papers by Lopez and Randrup we suggest the term "transition state volume", V t = (2.9 ± 0.2) V o , therefore the subscript "t" is used.
The larger value of the size parameter obtained by the analysis of the kinetic energy spectra is a consequence of the main contribution of Coulomb repulsion to the IMF energy, which starts to work when the system has passed the " multi-scission point ". Thus, V f = (11± 3)V o is the freeze-out volume for multifragmentation in p + Au collisions at 8.1GeV. It means that the nuclear interaction between fragments is still significant when the system volume is equal to V t , and only when the system has expanded up to V f , are the fragments freezing out. 6 In the statistical model used, the yield of a given final channel is proportional to the corresponding statistical weight. So, the nuclear interaction is neglected when the system volume is V t , and this approach can be viewed as a rather simplified transition-state approximation. Nevertheless, the SMM describes well the IMF charge (mass) distributions for thermally driven multifragmentation. The point is clarified, if one looks through the recent paper [19] , in which some particular approach (Dynamical Statistical Fragmentation Model)
is developed to include the nuclear interaction in the calculation of the fragment yield.
Comparison of the results of Ref. [19] with those obtained by the SMM reveals that both models give very similar shapes for the charge distributions of the lighter fragments considered in the present study.
Note that in the traditional application of the SMM only one size parameter is used, which is called "freeze-out volume". In the present paper we have demonstrated the shortcoming of such a simplification of the model. If only one parameter is used, one gets a significantly underestimated value of the freeze-out volume (half that given above).
SUMMARY
Analysis of the experimental data for target multifragmentation in p (8.1GeV ) + Au collisions results in the conclusion that within the framework of the statistical multifragmentation model there are two characteristic volume (or density) parameters. One, V t = (2.9 ± 0.2)V o , corresponds to the configuration of the system at the moment of partition. It is similar to the saddle point in ordinary fission (transition state). Other, V f = (11 ± 3) V o , is the freeze-out volume corresponding to the multi-scission point in terms of ordinary fission.
The value of V t may be sensitive to the way of its estimation. The value of V f is extracted by means of multibody Coulomb trajectory calculations and should be only slightly model dependent. In further studies of the size or density parameters it is important to specify which stage of the system evolution is relevant to the observable chosen for the analysis. 
